The Japanese Population-based Osteoporosis (JPOS) Cohort Study was launched in 1996 to produce a reference database of areal bone mineral density (aBMD) by dual energy X-ray absorptiometry (DXA) and bone turnover markers in the Japanese female population and to determine risk factors for osteoporotic fractures. At baseline, 3984 women aged 15 to 79 years were randomly selected to provide representative bone status data and aBMD values for the diagnosis of osteoporosis. Follow-up surveys were conducted in 1999, 2002, 2006 and 2011/12 to determine changes in aBMD and identify incident morphometry-confirmed vertebral fractures and clinical fractures. These outcomes were obtained from 2174 women who participated in at least one follow-up survey. JPOS is a unique resource of individual-level bone health information with radiological and biological archives that include DXA images, and serum, plasma and DNA for future analyses with emerging radiological and biological techniques. The JPOS dataset is not freely available, but new collaborations are encouraged. Potential collaborators are invited to contact the Secretary General (M.I.) at the administrative office of the JPOS Study Group.
Why was the cohort set up?
Osteoporotic fracture is one of the leading causes of disability for elderly people worldwide. 1, 2 Osteoporosis prevention is therefore very important in maintaining quality of life for the elderly 3 and reducing medical expenditures for treatment of fractures and assistance costs for those disabled due to fractures. 4, 5 The need for effective fracturepreventive measures and valid management of patients with osteoporosis has grown rapidly.
In the early 1990s, several osteoporosis cohort studies began in Japan [6] [7] [8] but were localized to small areas and not sufficiently large for detecting risk factors for fracture. Reference values for bone mineral density (BMD) and biochemical bone turnover markers in the Japanese population were also not yet established, even though areal BMD (aBMD) is an essential element for diagnosing osteoporosis and screening those at elevated risk of fractures. 9 The Japanese Population-based Osteoporosis (JPOS) Study Group was established in 1995 with financial support from the Japanese Ministry of Agriculture, Forestries and Fisheries and the Dairy Council of Japan. The Study Group conducted a large-scale epidemiological study of Japanese women aged 15 to 79 years randomly selected from seven areas throughout Japan, with the following goals: (i) to establish age-specific aBMD reference values for Japanese women; ii) to establish a criterion aBMD value for the diagnosis of osteoporosis according to World Health Organization 10 and Japanese Society of Bone Mineral Research 11 criteria; and (iii) to form the basis for a prospective cohort study to explore the risk factors for incident osteoporotic fractures and establish a risk assessment model. Follow-up studies have been conducted by the JPOS Study Group with financial support from the Japanese Society for the Promotion of Science with other funding bodies included in the Funding section.
Who is in the cohort?
Fifty women were randomly selected from each 5-year age group between 15 and 79 years, based on resident registration in seven municipalities throughout Japan (Figure 1 ). 12 The number of subjects selected was set at 650 for each study area, for a total of 4550. Study areas covered various regions of Japan to represent different environmental characteristics. Memuro (denoted as A in Figure 1 ) is located in Hokkaido, a northern island in the subarctic zone, and Miyakojima (G) is in Okinawa, a southern island in the subtropical zone. Iwate (B) is in the northern part of the main island of Honshu, and Nishi-Aizu (C) is located in a Key Messages
• The JPOS cohort study, which is representative of the Japanese female population, suggested that older age, lighter weight and lower intake of Japanese fermented soy beans were associated with greater bone loss in postmenopausal women. Perimenopausal women with higher levels of bone turnover markers at baseline showed greater bone loss over the next 3 or 6 years.
• Older age, lower aBMD, prevalent vertebral deformity, higher levels of bone turnover markers and lower trabecular bone score were associated with an increased risk of morphometry-confirmed incident vertebral fractures in women aged 50 years and older.
• Predicted risk of major osteoporotic fractures by FRAX V R at baseline was not significantly different from the observed risk over the next 10 years. mountain area in the central part and Joetsu (D) faces the Sea of Japan. Sanuki (E) in Shikoku, an island facing the Seto Inland Sea, and Kousa town (F) on the island of Kyushu, represent warm areas with long sunshine hours. The study protocol was approved by the Ethics Committee of the Kinki University Faculty of Medicine. Written informed consent regarding all study procedures was obtained from each participant in advance.
Of the randomly selected 4550 women, 3985 (87.6%) participated in a baseline study that included aBMD measurements, vertebral fracture assessment (VFA) and other bone health-related assessments. Table 1 shows the number of participants at baseline and for each of the follow-up surveys. Participation rate for the baseline study was sufficiently high, although the rate was lower in younger age groups. With the exception of age, sociodemographic characteristics for nonparticipants of the baseline study were not available.
How often have they been followed up?
All participants in five areas (A, C, D, E and G) were selected as subjects for the JPOS Cohort Study, with the time line illustrated in Figure 2 . Areas B and F were not selected for follow-up since levels of biochemical markers of bone turnover at baseline were not measured for these areas. We As shown in Table 1 , overall participation rates in follow-up studies decreased over time. However, more than 80% of baseline participants completed at least one follow-up survey over the course of 16 years. A history of clinical fractures over 10 years was also obtained for more than 90% of baseline participants, using interviews in follow-up surveys or the self-reported supplemental mail survey for those who did not attend. Details of participant follow-up are shown in Figure 3 . Table 2 displays differences in demographic characteristics between participants in the follow-up surveys, participants and respondents to the mail surveys and nonparticipants and non-respondents. The ages of nonparticipants and non-respondents formed two peaks in their distribution. Very young and very old women tended to drop out of the cohort, and they were significantly lighter in weight and had lower aBMD than participants and respondents.
What has been measured?
Categories for measurements conducted at baseline and follow-up surveys are listed in Table 3 . The JPOS Baseline Study covered a wide range of bone health-related indices such as aBMD measurements, VFA for detecting vertebral deformities and biochemical markers of bone turnover. Follow-up surveys were designed to detect outcomes such as change in aBMD, incidence of morphometry-confirmed vertebral fractures and clinical fractures. Levels of biochemical bone turnover markers and other more specific or newly developed markers were determined after baseline using stored serum samples for subgroups of the entire cohort. 
Assessment of outcomes
Vertebral fractures Thoracolumbar vertebrae were imaged by X-ray absorptiometry at baseline (T7 through L4) and each of the followup (T4 through L4) surveys by certified radiological technologists using a single scanner (QDR4500A, Hologic Inc., Bedford, MA, USA) installed in a mobile test room. VFA was performed with these images as previously described. 13 An incident vertebral fracture during follow-up was diagnosed morphometrically when a vertebra met the following criteria: (i) the vertebra had anterior, central or posterior heights reduced by 20% or greater on a follow-up image compared with baseline height; and (ii) the vertebra satisfied McCloskey-Kanis criteria 14 or grade 2 or 3 fracture criteria from Genant's method 15 on a follow-up image.
Clinical fractures
Interviews at each follow-up survey obtained the time of a fracture event, the skeletal site of fracture, the situation in which the fracture occurred and use of radiographs for forming the diagnosis of fracture by a physician. Supplemental mail surveys were conducted just after the follow-up surveys in 2006 and 2011/12 to obtain the same information from non-participants. Fragility fracture was defined as a fracture that occurred without strong external force, caused pain and was diagnosed by a physician with radiographic examination.
Assessment of predictors for fractures
Prevalent vertebral deformity Vertebral deformities were diagnosed at baseline according to McCloskey-Kanis criteria 14 and visually confirmed using Genant's semiquantitative assessment method.
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Bone mineral density measurements L1 to L4 vertebrae and the proximal femur were scanned in posteroanterior projection, with the same scanner used for spine imaging. aBMD of the spine was calculated for the L1 to L4 vertebrae, and aBMD of the femoral neck, trochanteric, intertrochanteric and Ward's triangle regions were obtained from proximal femur scans. aBMD of the one-third radius and an ultradistal site on the forearm were determined on the non-dominant side with a DXA scanner (pDXA, Norland/Stratec, USA/Germany).
12
Speed of sound and broadband ultrasonic attenuation of the calcaneus were measured using a quantitative ultrasound bone densitometer (SAHARA, Hologic Inc.). 16 Bone architecture assessment DXA images of the proximal femur archived at baseline were assessed with a hip structure analysis (HSA) program (APEX software, Version 2.3, Hologic Inc.) to evaluate structural strength. The program yielded a set of indices such as cross-sectional area (cm 2 ), subperiosteal diameter (cm), section modulus (cm 3 ) and buckling ratio at three regions of interest defined as the narrow neck, intertrochanter and femoral shaft. 17 Spine DXA images archived at baseline were further analysed by TBS iNsight software (Version 1.9.2, MedImaps, Bordeaux, France) to obtain the trabecular bone score (TBS). TBS is a texture measurement that quantifies local variations in grey level distribution of DXA images. 18 TBS is not a direct physical measurement of bone microarchitecture, but is correlated to its three-dimensional parameters. 19, 20 Bone metabolism assessment In the JPOS baseline study, venous blood samples were drawn from all participants on their visits from 09:00 to 14:00 h without controlling meals. The serum samples were stored at À80 C prior to assay tests. 21 First-void urine samples were obtained after an overnight fast and stored at À20 C prior to assay tests. 21 Serum osteocalcin (OC) and bone-specific alkaline phosphatase were measured as markers of bone formation, and Baseline survey in 1996 Anthropometric measurements: weight, height and grip strength Self-reported histories for fractures, major diseases and treatments Self-reported major behaioural risk factors for bone loss and fractures aBMD measured at the spine, hip and forearm by DXA VFA based on digital images of the spine taken by X-ray absorptiometry Hip structure analysis of DXA images of the proximal femur Trabecular bone score calculation from DXA images of the spine Serum samples taken for proteins, lipids, creatinine and liver enzymes assayed and serum aliquots stored at À80 C First-void urine samples taken to measure calcium excretion urinary type I collagen C-terminal telopeptide (CTX), free (fDPD) and total (tDPD) forms of deoxypyridinoline and free pyridinolines as markers of bone resorption in 3093 participants from the five study areas. 21 Markers available only after the baseline survey, such as serum type I procollagen N-terminal propeptide and serum CTX, were assessed using stored serum samples from 1060 participants aged 40 years and older at baseline who completed at least one follow-up survey during the first 10 years or responded to the supplemental mail survey in 2006.
Other bone-related measurements For a subgroup of baseline participants, serum pentosidine, plasma homocysteine and serum high-sensitivity C-reactive protein levels were measured to analyse their associations with risk of fracture during follow-up surveys.
What has it found? Key findings and publications
A complete list of publications from the JPOS Study can be found at (http://www.med.kindai.ac.jp/pubheal/jpos/ Publications.html).
Reference values of bone-related indices
Age-specific aBMD reference values of the spine, hip and forearm for the Japanese female population were obtained from 3465 participants in the baseline study with no current record or history of any disease or drugs that affected bone metabolism detectable by baseline interviews or laboratory tests. 12 T-scores of aBMD at various skeletal sites are shown in Figure 4 as a function of age. Age-related changes in aBMD appeared to vary at different skeletal sites. Criterion aBMD values for the diagnosis of osteoporosis in Japanese women were provided from the young adult subgroup of the cohort. Reference values for HSA indices 22 and biochemical markers of bone turnover 21 were provided from subgroups of the entire cohort.
Risk factors for bone loss
We explored baseline risk factors for subsequent bone loss and found that higher levels of biochemical bone turnover markers, especially serum OC and urinary CTX, were associated with greater bone loss in perimenopausal or early postmenopausal women but not in late postmenopausal women. 23 Higher serum OC and urinary tDPD levels were associated with increased risk of progression from osteopenia to osteoporosis in postmenopausal women, with the area under the receiver operating characteristic curve (AUC) at 0.716. 24 Smoking habits were associated with low aBMD in premenopausal women, 25 and a lower intake of fermented soy beans (natto) correlated to greater bone loss at the hip or femoral neck in postmenopausal women independently of age, body weight and dairy food intake.
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Genetic predispositions for low aBMD and bone loss were evaluated for vitamin D receptor 27, 28 and peroxisome proliferator-activated receptor gamma (PPARc) 29 gene
polymorphisms. The overall effect of these polymorphisms was small, but premenopausal women with the CT/TT genotype of PPARc showed significantly lower aBMD than those with the CC genotype, suggesting that PPARc may affect peak bone mass. Determinants of the change in HSA indices were also explored, with weight maintenance possibly beneficial in preserving aBMD and structural hip strength. 30 Risk factors for fractures Prevalent vertebral deformity has been known to increase the risk of incident vertebral fractures. 31, 32 This increase may be overestimated, however, since the risk factors that caused prevalent deformity may increase the risk of incident fracture. We adjusted the risk of incident vertebral fracture by introducing a propensity score for prevalent vertebral deformity. The rate ratio of incident vertebral fractures for prevalent vertebral deformity was greater than 4.0, but the risk was reduced to 2.96 when adjusted using the propensity score. 13 BMD accounts for more than 70% of the variance in bone strength but alone is not sufficiently accurate for fracture risk assessment in clinical settings. FRAX V R was developed to improve prediction accuracy for major osteoporotic fractures by using 11 clinical risk factors. 33 We evaluated the validity of FRAX V R using 10-year follow-up data from the JPOS cohort. Predicted risk of major osteoporotic fractures by FRAX V R was not significantly different from observed risk, but its validity was not significantly better than a simple model incorporating only age, weight and aBMD. 34 The accuracy of FRAX V R should thus be improved further. However, a FRAX V R model without aBMD, including only clinical risk factors which can be obtained by interviews, showed similar validity to a FRAX V R model with aBMD ( Figure 5 ), and thus may be used as a screening tool in community medicine for people at increased risk of fractures.
Several attempts to improve fracture risk assessment have been conducted in the JPOS cohort. One of the determinants of bone strength is biochemical bone turnover markers. We found that elevated urinary fDPD levels at baseline were associated with an increased risk of vertebral fractures over 10 subsequent years independently of age, weight and aBMD in postmenopausal women. 35 Serum pentosidine levels further improved the prediction accuracy for vertebral fractures and achieved an AUC exceeding 0.7. 36 Another determinant of bone strength is bone microarchitecture. This can be assessed non-invasively by high resolution computed tomography and magnetic resonance imaging but may not be practical for routine osteoporosis screening or management. The TBS obtained from the JPOS baseline study was significantly associated with incident vertebral fracture risk over the next 10 years independently of aBMD, as shown in Figure 6 . The odds ratio of vertebral fractures for a one standard deviation decrease in TBS was calculated to be 1.52 (95% CI: 1.16, 2.00) after adjusting for age, aBMD and vertebral deformity prevalent at baseline. 37 Thus, TBS could effectively improve fracture risk assessment achieved by aBMD and conventional predictors in clinical settings.
What are the main strengths and weaknesses?
Strengths of the present study include an adequate sample size for an acceptable sampling error, study areas distributed throughout Japan to reduce the effects of regional differences in aBMD and other bone indices, randomly selected subjects from each study area, inclusion of a wide range of ages, an acceptable participation rate, wellcontrolled and precise bone mass measurements and lack of inter-machine variation for bone measurements. Indeed, the bone indices from this study are the most accurate reference values for Japanese women to date. JPOS has some limitations worth noting. Study areas were distributed throughout Japan, but they were not randomly selected from all municipalities and may have better health and welfare services compared with the average municipality. Also, aBMD measurements are highly instrument-dependent, and the present findings cannot be utilized by users with densitometers other than Hologic instruments. Blood specimens were taken from participants without strict control over sampling time or meals. VFA based on X-ray absorptiometry was used instead of conventional radiographs to diagnose vertebral fractures or deformities. Since VFA determines mostly vertebral shapes, vertebral fractures such as concave type or endplate fractures may have been missed. 38 Finally, we did not confirm self-reported fracture events with data from medical records, although previous studies indicated that selfreported data are relatively accurate for forearm, vertebral and hip fractures.
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Can I get hold of the data? Where can I find out more?
JPOS is the only cohort study representative of the Japanese female population and provides a unique resource with a wide range and depth of individual-level information on bone and bone metabolism of cohort members. The study also includes biomaterial archives with serum, plasma and DNA for future analyses of emerging biomarkers or genes for bone metabolism. The JPOS dataset is not freely available, but the Study Group has collaborated with several other groups to share study data and encourages new collaborations. Potential collaborators are invited to contact the Secretary General (M.I.) at the administrative office of the JPOS Study Group at the Department of Public Health, Kinki University Faculty of Medicine, Osaka-Sayama, Japan.
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